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Computational Geometry-based Overlapping Chromosome Images Management

ABSTRACT: Classification of chromosomes have impct in the recent research. The chromosomes are non-rigid material
and they are several times touching each other or they overlap each other in the metaphase images. Now many techniques
are required to understand the overlapping chromosomes. This paper presents a novel method for segmenting chromosomes
based upon computational geometry. In the proposed approach first the contour line is traced for the overlapping
chromosomes and then all the cut points are traced for the overlapping chromosomes. Then based on computational
geometry method a specific number of cut points are selected and they are used for separating the two chromosomes. We
have found that 87.4% of the images were correctly segmented using the proposed method.
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1. Introduction

Chromosomes are the cell structures that carry the genetic details . they are made up of DNA (Deoxyribonucleic acid)  and
some type of proteins. The DNA contains the unique genetic details and the proteins take care of the DNA and helps so that
the DNA duplicates well when the cell division takes place.

Chromosomes are very small in size they can be viewed only with the help of a microscope. The chromosomes are imaged
using a microscope during the cell division phase. As otherwise the chromosomes are very long and thin structures. But
during the cell division phase they shrink in size and become much shorter and thicker in size. So they become visible to a
microscope.

A normal human being has 46 chromosomes in his cell. These 46 chromosomes are paired, so there are 22 pairs comprising of
one chromosome from mother and other from the father. In addition to these 22 pairs there are 2 sex chromosomes , in case of
females there are two X chromosomes and in case of males there is one X and another Y chromosome.  Karyotyping is a
technique that is used to represent these 46 chromosomes in pairs according to their decreasing order.
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Segregation of overlapping chromosomes is one of the vital step in automatic classification of chromosomes. The procedures
for automatic segregation of overlapping chromosomes aim at applying thresholding based methods to divide the different
overlapping chromosomes into different chromosomes by using the geometric shapes [6-8], curvature of the boundary of the
chromosome [9,10], layout of the chromosome [11] and pattern of the bands [12,13]    in this paper an attempt has been made
to propose a efficient segmentation method for overlapping chromosomes using computational geometry based approaches
that have been successfully used for various image analysis tasks [14-16]

2. Literature Survey

There has been extensive research from the last 40 years to develop a mechanism to automatically segment  the chromosome
images so as to diagnose the chromosomes and find out if any anomaly exists in the chromosome. The automatic analysis of
the chromosome images is a six step process. The steps can be listed as:

• Preprocessing

• Segmentation

• Feature Extraction

• Feature Selection

• Classification

•  Outlier’s detection/ Anomaly detection

The preprocessing phase aims at removing the noise, improving contrast and enhancing the edges. The segmentation phase
aims at differentiating chromosomes from the background and other biological material present in the image. The feature
extraction phase measures the features such as size, shape, area, band patters, centromeric index, density profile etc. After the
feature extraction phase the most discriminative features are selected so as to be used for the classification phase. The
classification phase classify the segmented chromosomes into the 24 classes based upon the selected features. Once the
chromosomes have been classified they can be analyzed for abnormalities based upon outliers.

The image segmentation methods are mostly based upon the edge detection, thresholding, region based segmentation or
upon watershed transform. All these methods work fine when the images are clear, but these methods fail while segmenting
images that are partially overlapped. Most of the literature available use manually segmented databases for chromosome
classification or they are semi automatic in nature that takes human interventation during the segmentation of overlapping
chromosomes.

Liang [8] has given an efficient technique for chromosome segmentation taking into consideration the concave shape of the
chromosomes, he has used heuristics search to find out minimum density edges between touching chromosomes. But this
method is dependent upon images taken from a single laboratory, the procedure is very time consuming and is dependent
upon the origin of the split line . they have not considered the overlapping chromosomes.

Boaz Lerner [26] has proposed a classification driven segmentation approach based upon mapping based upon principal
component approach for feature selection and have used multilayer preceptron for classification. This approach is automatic
and it considers overlapping and touching chromosomes. But they have considered only those images that have only one
cluster of touching chromosomes. This method works well for normal chromosomes but they have not mentioned anything
about abnormal chromosomes.

Agam[9] has worked on grayscale chromosome images and has used miniset based approach to disassociate touching and
overlapping chromosomes. The work is based upon hypothesis of shape testing to find cut points that can potentially divide
the chromosomes in a cluster. The method was successful in many aspects but was limited to grayscale images.

Graham [27] has used a technique based upon split and merge and water sheds to over segment the images. The proposed
method is same as the method of region growing that grow the segments until they touch. This method is suitable for touching
chromosomes. But this method cannot handle overlapping chromosomes.

L. Vanderheydt [28] they have used fuzzy based set theory for segmentation of chromosomes. For the high curvature points
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of boundary they have defined fuzzy relations. The boundaries have been defined using fuzzy subsets. This method is a very
good approach for simple touching and overlapping images but fails when segmenting highly clustered and bent chromosomes.
Vossepoel [29] has tried to define rules using which they can calculate potential cut points and then use an algorithm to link
those cut points. This method can find the chromosome boundaries but it cannot handle the overlapping chromosomes.

Q. Wu [30] has proposed a method based upon a model that depicted boundary features based upon touching and overlapping
chromosomes. This technique was capable of separating the chromosomes from clusters but it had a rapid rate of failure.

Ji[31] has worked upon grey scale images using geometric information , they have been quite successful to segment and
classify the images by using convex hulls to remove overlaps. But this method works for grey scale images.

Lijiya [32] has proposed a scheme based upon majority voting for segmentation and classification of human chromosomes
images. They have used fuzzy logic classifier for the classification purpose. The proposed technique is not very efficient and
is not applicable to touching and overlapping chromosomes.

3. Proposed Method

Binarization helps to distinguish between the fore ground and back ground pixels. It is one of the critical step in image
preprocessing. One of the most basic and simplest method for binarization is global thresholding. The global thresholding
technique divides the pixels into fore ground and back ground pixels. It is based upon histogram analysis.

G ( x, y) = 1 if  f  (x, y) > T
0 if  f  (x, y) <= T{ }→ Eq 1

Thresholding assigns a value of 0 or 1 based upon a global value of thresholding T based upon the equation 1. The threshold
values are selected from the histograms of the images.

The below figure shows the binarized image of the overlapping chromosomes by applying the global thresholding method.

a)Overlapping  Chromosomes        (b) chromosomes after thresholding

After thresholding he image, the contours can be found for the image. The contours are the foreground pixels that touch the
background pixels. These contours can be obtained by using the convolution of matrix C and function T given by equation
2 & 3 respectively.

C  = [ 0 0.25 0
0.25 1 0.25
0 0.25 0

]→ Eq 2

T = (x, y)  ={ 1, if 1< f (x, y) < 2 } → Eq 3
0, if 1 >= f (x, y) < 2



    132       Journal of Multimedia Processing and Technologies  Volume  5   Number  4   December   2014

The curvature can be calculated by finding out the difference between the slope at the pixel and the slope at its left neighborhood.
The following image shows the overlapping chromosome image (a) after thresholding, (b) after convolution and (c) contour
image.

After finding the counters and curvature the possible cut points are detected. The contour pixels where there is sudden
change in intensity. So from curvature function the cut points are found.

After finding out the possible cut points the varonoi diagrams can be used to find out center of the overlapping area. From
varonoi diagram the overlapping portion can be obtained.

After this the overlapping chromosomes can be segregated by using the cut points and the contour set.

4. Results And Discussion

The proposed algorithm was applied on the overlapping chromosome images obtained from BioImlab’s website. Its dataset
named chromosome images for segmentation was used to test and validate the algorithm. The dataset contains 162 images.
For the above dataset following results were obtained:

Correctly Segmented Incorrectly separated Cannot be separated

            87.4%              5.3% 7.3%

The results are quite encouraging as compared to other methods. The algorithm can be further improved by considering more
cut points so as to get better precision in finding out the overlapping chromosomes and thus segmenting them more
accurately. The chromosomes that cannot be separated are mainly highly cluttered.
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